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Description 

[0001] In general, this invention relates to epoxy/poly ester hot melt compositions and, more particularly, to such 
compositions which, upon exposure to radiation, cure to provide a high strength adhesive having good green strength 
5 build-up. 

[0002] Many adhesive and coating compositions are known, particular advantages and disadvantages being asso- 
ciated with each. For example, polyester based moisture curable hot melt compositions are a solid at room temperature 
but upon heating melt to a viscous liquid that can be readily applied to a substrate. The compositions react with ambient 
moisture to provide a cured, crosslinked thermoset adhesive. Because ot their moisture sensitivity, special packaging 
10 is required and care must be taken during processing to avoid the accumulation of uncured residue that could react 
with moisture in the manufacturing equipment. Furthermore, because ot their moisture sensitivity, these materials can- 
not be readily provided in film fomi and work best when applied to moisture pemneabie (e.g. plastic and wood) sub- 
strates. 

[0003] Thermally cured hot melt compositions have a limited pot life because application in the melted state also 
*5 initiates the curing reaction. These compositions typically require elaborate clamping mechanisms to secure the bonded 
parts during the elevated temperature curing cycle and are not particularly favored for use with heat sensitive substrates. 
[0004] However, hot melt compositions are desirable because they are easily used and some formulations do not 
require clamps. Moreover, the compositions are free from solvents. 

[0005] Many well known adhesive and coating compositions are based on epoxtes. Some cure at room temperature 
20 but these are typically two part systems that require separate inventories of the individual components which can only 
be mixed shortly before use. Such compositions tend to have relatively short pot lives, are not generally provided in 
film fonm, and frequently require clamps to hold the bonded parts in place until the compositions cure. Epoxy adhesives 
are sought after, however, because of their excellent ultimate strength and heat resistance. 
[0006] Consequently, it would be desirable to have a single adhesive composition that is free from as many of the 
25 foregoing disabilities as possible. That is, there would be a considerable demandforan easily applied, one part adhesive 
that is not sensitive to moisture and which cures qutekly to a high strength structural adhesive but which also has good 
green strength build-up so that clamps are not needed to secure the bonded components. Such compositions would 
be in even greater demand if they were free from solvents, especially if they could be tailored to provide specific physical 
properties for particular situations. 
30 [0007] Epoxy-based adhesive or coating compositions are disclosed in various references. Exemplaty of these is 
US-A-4, 622,349 which discloses photocopolymerizable compositions comprising an epoxy having two or more epoxy 
groups, a hydroxyl substituted cycloaliphatic monoepoxide, an active hydrogen organic compound (preferably an or- 
ganic polyol), and a photoinitiator. The examples describe applying the compositions to steel panels with a wire-wound 
rod. 

35 [0008] US-A-4,81 2,488 is directed to photocopolymerizable compositions comprising an active hydrogen organic 
compound, a photoinitiator, and a substituted cycloaliphatic monoepoxide reactive diluent. The examples describe 
applying the compositions to steel panels with a wire-wound rod. Viscosity data are disclosed in Table I. Reportedly, 
the compositions provide excellent pressure sensitive and heat-activated adhesive coatings after having been applied 
to a suitable substrate and cured. 

40 [0009] US-A-4,920, 1 82 discloses adhesives and coating agents that contain an epoxy resin having at leasttwo epoxy 
groups, an initiator, and a flexible polyester. Reportedly, the viscosity of the polyester is, as a rule, less than 2000 mPas 
at BOX. 

[0010] International Patent Application No. US92/01 974 discloses a pressure sensitive adhesive that comprises an 
epoxide resin, a polymeric film former (e.g., polyacrylates, polymethacrylates, phenoxy resins, potysulfones, and pol- 
^ yether sulfones), a photoinitiator, and a polyol. 

[0011] US-A-4,266,828 discloses a photocopolymerizable composition that comprises a first organic material having 
epoxide functionality greater than about 1 .5, a second organic material having hydroxy! functionality of at least one, 
and a complex salt photoinitiator, 

[0012] EP-A-276 716 discloses a curable epoxy composition comprising an epoxy resin, a sufficient amount of an 
50 ultraviolet catalyst to render the composition ultraviolet curable, and a sufficient amount of a fixing agent comprising 
poly(alkylene oxide) moieties to prevent immediate skinning upon ultraviolet exposure. 

[0013] In general, this invention relates to epoxy/polyester hot melt compositions, especially those which cure on 
exposure to radiation to provide high strength adhesives having good green strength build-up. In one aspect of the 
invention, the hot melt compositions comprise from about 2 to 95 parts of an epoxy-containing material and, corre- 
55 spondrngly, from about 98 to 5 parts of a polyester component. The compositions also include an effective amount of 
a photoinitiator for radiation curing the hot melt composition and an optional hydroxyi-oontaining material having a 
hydroxyl functionality greater than 2 wherein the hydroxyl-containing component is a polyether polyol. The hot melt 
compositions are solid at room temperature but can be melted to a liquid upon heating. 
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[0014] Preferably, the polyester component has a Brookf ield viscosity which exceeds 1 0,000 mtliiPascais at 1 21 °C 
with a nunnber average nriolecular weight of about 7500 to 200,000, more preferably from about 1 0,000 to 50,000, and 
most preferably from about 15,000 to 30,000. 

[0015] The optional hydroxyl-containing material more preferably has a hydroxyl functionality of about 3. Particularly 
5 preferred materials are poIyoxyali<ylene polyols such as polyoxyethylene glycols and poiyoxypropylene glycols having 
a number average equivalent weight of about 31 to 2,250 and polyoxyethylene triois and poiyoxypropylene triois having 
a number average equivalent weight of about 80 to 350. Also useful are polytetramethylene oxide glycols. The hydroxyl- 
containing material is useful in enhancing the flexibility of the hot melt compositions. In another aspect, the hydroxyl- 
containing material can sufficiently retard the curing reaction after the hot mett composrtton has been exposed to ra- 
10 diation so as to permit two substrates to be bonded together after the hot melt composition has been applied to only 
one of the substrates and irradiated. 

[0016] In more preferred compositions according to the invention, the epoxy-contalning material comprises from 2 
to 80 parts thereof and the polyester component comprises, correspondingly, from 98 to 20 parts thereof. Even more 
preferedare hot melt compositions comprising from 2 to 60 parts of theepoxy-containing material and, correspondingly, 
*5 from 98 to 40 parts of the polyester component. 

[0017] The hot melt compositions of the invention can be provided as free standing, unsupported adhesive films 
which are particularly useful in laminating operations. 

[001 8] The compositions typically achieve a green strength buiid-up in 30 seconds or less, thereby permitting bonded 
components to be handled without the need for expensive, elaborate, cumbersome, clamping mechanisms. However, 

20 the compositions also cure to a high ultimate strength so that they may be used as structural adheslves. 

[0019] The invention also relates to a method of adhesively bonding first and second substrates using the hot melt 
compositions of the invention. The hot melt composition is applied to one of the substrates and then exposed to radiation 
before the second substrate is adhesively bonded thereto. The methods of the invention can be practiced in conjunction 
with substrates which are not transparent to the radiation. 

25 [0020] In general, this invention relates to a radiation curable hot-melt adhesive, coating and sealant composition 
that combines rapid green strength build-up with excellent ultimate strength and heat resistance. The ultimate strength 
is sufficiently great that the compositions of the invention can be used as structural adhesives, although they have 
many other uses. As used herein, a "hot melt composition" refers to a composition that is a solid at room temperature 
(about 20 to 22°C) but which, upon heating, melts to a viscous liquid that can be readily applied to a substrate. Desirably, 

30 the compositions of the invention can be formulated as solvent free systems (i.e., they have less than 1% solvent In 
the solid state). 

[0021] The hot melt compositions of the invention comprise and, more preferably, consist essentially of, an epoxy- 
containing material that contributes to the ultimate strength and heat resistance of the composition, a polyester com- 
ponent that allows for rapid green strength build-up, a photoinitiator that pennits the composition to cure (I.e., covalently 
35 crosslink) upon exposure to radiation and a hydroxyl-containing material having a hydroxyl functionality of at least 2, 
wherein the hydroxyl-containing component is a polyether polyol to retard the rate of curing and/or impart flexibility to 
the hot melt compositions. 

[0022] Epoxy-containing materials useful in the compositions of the invention are any organic compounds having at 
least one oxirane ring 



^0 polymerizable by a ring opening reaction. Such materials, broadly called epoxides, include both monomeric and pol- 
ymeric epoxides and can be aliphatic, cycloaliphatic, or aromatic. These materials generally have, on the average, at 
least two epoxy groups per molecule (preferably more than two epoxy groups per molecule). The polymeric epoxides 
include linear polymers having terminal epoxy groups (e.g., a diglycidyl ether of a polyoxyallcylene glycol), polymers 
having skeletal oxirane units (e.g., polybutadiene polyepoxide), and polymers having pendent epoxy groups (e.g., a 

55 glycidyl methacrylate polymer or copolymer). The molecular weight of the epoxy-contalning material may vary from 58 
to about 100,000 or more. Mixtures of various epoxy-containing materials can also be used in the hot melt compositions 
of the invention. The "average" number of epoxy groups per molecule is defined as the number of epoxy groups in the 
epoxy-contalning material divided by the total number of epoxy molecules present. 
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[0023] Useful epoxy-containing materials include those which contain c^clohexene oxide groups such as the epox- 
ycyclohexanecarboxylates, typified by 3,4-epoxycyclohexylnfiethyl-3,4-epoxycyclohexanecarboxylate, 3,4-epoxy- 
2-methylcydohexylmethyl-3,4-epoxy-2-methycyclohexanecarboxylate, andbis(3,4-epoxy-6-methylcyciohexylmethyl) 
adipate. For a more detailed list of useful epoxides of this nature, reference may be made to US-A-3,ii 7,099. 
5 [0024] Further epoxy-containing materials which are particularly useful In the practice of this invention include glycidyl 
ether monomers of the formula 



f5 where R' is alkyi or aryl and n is an integer of 1 to 6. Examples are the glycidyl ethers of polyhydric phenols obtained 
by reacting a polyhydric phenol with an excess of chiorohydrin such as epichlorohydrin (e.g., the diglycidyl ether of 
2,2-bis-(2,3-epoxypropoxyphenol) propane). Further examples of epoxides of this type which can be used in the prac- 
tice of this invention are described in US- A-3 ,01 8,262. 

[0025] There is a host of commercially available epoxy-containing materials which can be used in this invention. In 
20 particular, epoxides which are readily available include octadecylene oxide, epichlorohydrin, styrene oxide, vinyl 
clohexene oxide, glycidol, giycidyimethacrylate, diglycidyl ether of Bisphenol A (e.g., those available under the trade 
designations EPON 828, EPON 1004, and EPON 1001 F from Shell Chemical Co., and DER-332 and DER-334, from 
Dow Chemical Co.), diglycidyl ether of Bisphenol F (e.g., ARALDITE GY281 from Ciba-Geigy), vinylcyclohexene di- 
oxide (e.g., ERL 4206 from Union CariDide Corp.), 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexene carboxylate (e. 
25 g., ERL-4221 from Union Carbide Corp.), 2-(3,4-epoxycy)ohexyi-5,5-spiro-3,4-epoxy) cyclohexanemetadioxane {e.g., 
ERL-4234from Union Carbide Corp.), bis(3,4-epoxycycIohexyl) adipate (e.g., ERL-4299 from Union Carbide Corp.), 
dipentene dioxide (e.g., ERL-4269 from Union Carbide Corp.), epoxidized pofybutadiene (e.g., OXIRON 2001 from 
FMC Corp.), silicone resin containing epoxy functionality, epoxy silanes (e.g., beta-(3,4-epoxycyclohexyl)ethyltrimeth- 
oxy silane and gamma-giycidoxypropyltrimethoxy silane, commercially available from Union Carbide), flame retardant 
30 epoxy resins (e.g., DER-542, a brominated bisphenol type epoxy resin available from Dow Chemical Co.), 1 ,4-butane- 
diol diglycidyl ether (e.g., ARALDITE RD-2 from Ciba-Geigy), hydrogenated bisphenol A-eplchlorohydrin based epoxy 
resins (e.g. EPONEX 1510 from Shell Chemical Co.), and polyglycidyl ether of phenolformaldehyde novolak (e.g., 
DEN-431 and DEN-438 from Dow Chemical Co.). 

[0026] Useful polyester components include both hydroxyl and carboxyl terminated materials, which may be amor- 
35 phous or semicrystalline. Hydroxyl terminated materials are preferred. By "amorphous" is meant a material that displays 
a glass transition temperature but does not display a measurable crystalline melting point by differential scanning 
calorimetry (DSC). Preferably the glass transition temperature is less than the decomposition temperature of the pho- 
toinitiator (discussed below), but without being more than about 1 20°C. By "semicrystalline" is meant a polyester com- 
ponent that displays a crystalline melting point by DSC, preferably with a maximum melting point of about 150°C. 
^0 [0027] In general, if it is desired for the hot melt composition to cure under ambient conditions, the polyester com- 
ponent should a have glass transition temperature less than the ambient temperature, preferably less than about 20'C. 
As the glass transition temperature of the polyester component increases, it may be necessary to both thennally and 
radiation cure the composition. 

[0028] The viscosity of the polyester component is important in providing a hot melt composition (as opposed to a 
composition which is a liquid having a measurable viscosity at room temperature). Accordingly, polyester components 
useful in the invention preferably have a Brookfieid viscosity which exceeds 1 0,000 mPa at 1 21 ^'C. Viscosity is related 
to the molecular weight of the polyester component. Preferred polyester components also have a number average 
molecular weight of about 7500 to 200,000, more preferably from about 10,000 to 50,000 and most preferably from 
about 16,000 to 30,000. 

50 [0029] Polyester components useful in the invention comprise the reaction product of dicarboxylic acids (or their 
diester equivalents) and diols. The dlacids (or their diester equivalents) can be saturated aliphatic t acids containing 
from 4 to 12 carbon atoms (including unbranched, branched, or cyclic materials having 5 to 6 atoms in a ring) and/or 
aromatic acids containing from 8 to 15 carbon atoms. Examples of suitable aliphatic acids are succinic, glutaric, adipic, 
pimelic, suberic, azelaic, sebacic, 1,12 dodecanedloic, 1 ,4-cyclohexanedicarboxyiic, 1 ,3-cyclQpentanedicariDoxylic, 

55 2-methylsuccinic, 2-methylpentanedioic, and 3-methylhexanedioic acids. Suitable aromatic acids include terephthalic 
acid, isophthalic acid, phthalic acid, 4,4'-ben2ophenone dicariDoxylic acid, 4,4'-diphenylmethan6dicarboxylic acid, 4,4'- 
diphenylether dlcariaoxylic acid, 4,4'-diphenylthioether dicattoxylic acid and 4,4'-diphenylamtne dicarboxylic acid. Pref- 
erably the structure between the two cariDoxyl groups in these dlacids contains only carison and hydrogen; more pref- 
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erably it is a phenylene group. Blends of any of the foregoing diacids may be used. 

[0030] The diols include branched, unbranched, and cyclic aliphatic dtols having from 2 to 12 carbon atoms, such 
as, for example, ethylene glycol, 1 ,3-propytene glycol, 1 ,2-propylene glycol, 1 ,4-butanediol, 1,3-butanediol, 1,5-pen- 
tanediol, 2-methyl-2,4-pentanediol, 1 ,6-hexanediol, 1,8-octanediol, cyclobutane-1 ,3-di(2'ethanol), cyclohexane- 
5 1 ,4-dimethanoi, 1,10-decaned(oi, 1 ,12-dodecanediolj and neopentyl glycol. Long chain diols including poly(oxy- 
alkylene) glycols in which the alkylene group contains from 2 to 9 carbon atoms {preferably 2 to 4 carbon atoms) may 
also be used. Blends of any of the foregoing diois may be used. 

[0031 ] Useful, commercially available hydroxy! temninated polyester materials include various saturated, linear, semi- 
crystalline copolyesters available from Hiils America, Inc. such as DYNAPOL S1402, DYNAPOL S1358, DYNAPOL 
10 SI 227, DYNAPOL S1229 and DYNAPOL S 1401 . Useful saturated, linear amorphous copolyesters available from Huls 
America, Inc. include DYNAPOL S1313 and DYNAPOL S1430. 

[0032] The photoinitiators which are useful in the compositions of the invention are of three types, viz. aromatic 
iodonium complex salts, aromatic sulfonium complex salts and metallocene salts. Useful aromatic iodonium complex 
salts have the formula: 

15 



20 
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where Ar'' and Ar^ are aromatic groups having 4 to 20 cariDon atoms and are selected from the group consisting of 
phenyl, thienyl, furanyl and pyrazolyl groups, Z is selected from the group consisting of oxygen; sulfur; 
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where R is aryl (of 6 to 20 carbons, such as phenyl) or acyl (of 2 to 20 carbons, such as acetyl, benzoyl, etc.); a carbon- 
to-carbon bond; or 



45 

Where R., and Rg are selected from hydrogen, alkyl radicals of 1 to 4 carbons, and alkenyl radicals of 2 to 4 carbons. 
The value of m is zero or 1 and X is a halogen-containing complex anion selected from tetrafluoroborate, hexafluoro- 
phosphate, pentafluorohydroxyantimonate, hexafiuoroarsenate, and hexafluoroantlmonate. 

50 [0033] The Ar^ and Ar^ aromatic groups may optionally have one or more fused benzo rings (e.g., naphthyl, benzo- 
thienyl, dibenzothienyi, benzofuranyl, dibenzofuranyl, etc.). The aromatic groups may also be substituted, if desired, 
by one or more non-basic groups if they are essentiaiiy non-reactive with epoxide and hydroxy! functionalities. 
[0034] Useful aromatic iodonium complex salts are described more fully in US-A-4,256,828. The preferred aromatic 
iodonium complex salts are diaryliodonium hexafluorophosphate and diaryliodonium hexafluoroantimonate. 

55 [0035] The aromatic iodonium complex salts useful in the compositions of the invention are photosensitive only in 
the ultraviolet region of the spectrum. They, however, can be sensitized to the near ultraviolet and the visible range of 
the spectrum by sensitizers for known photolyzable organic halogen compounds. Illustrative sensitizers include aro- 
matic amines and colored aromatic polycyclic hydrocariaons. 
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[0036] Aromatic sulfonium complex salt photoinitiators suitable for use in the compositions of the invention can be 
defined by the formula 



5 
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wherein R^, R4and R5 can be the sanne or different, provided that at least one of the groups is aromatic. These groups 
^5 can be selected from aromatic moieties having 4 to 20 carbon atoms (e.g., substituted and unsubstituted phenyl, thienyl, 
and furanyl) and aikyi radicals having 1 to 20 carbon atoms. The term "alky!" includes substituted alky! radicals (for 
example, substituents such as halogen, hydroxy, alkoxy, aryl). Preferably, R3, R4. and R5 are each aromatic. Z, m and 
X are all as defined above with regard to the iodonium complex salts. 

[0037] If R3, R4 or R5 is an aromatic group, it may optionally have one or more fused benzo rings (e.g, naphthyl, 
20 benzothienyl, dibenzothienyi, benzofuranyl, dibenzofuranyl, etc.) Such aromatic groups may also be substituted, if 
desired, by one or more non-basic groups that are essentially non-reactive with epoxide and hydroxyl functionality 
[0038] The triaryl-substituted salts such as triphenyisulfonium hexafiuoroantimonate are preferred. Useful sulfonium 
complex salts are described more fully in US-A-4 ,266,828, 

[0039] The aromatic sulfonium complex salts useful in the invention are inherently photosensitive only in the uttra- 
25 violet region of the spectrum. They, however, are sensitized to the near ultraviolet and the visible range of the spectrum 
by a select group of sensitizers such as described in US-A-4,256,828. 
[0040] Useful metaliocene salts can have the fonnula: 
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35 wherein 



MP represents a metal selected from Cr, Mo, W, Mn, Re, Fe, and Co; 

L"" represents 1 or 2 ligands contributing Ti-electrons that can be the same or different iigand selected from substi- 
tuted and unsubstituted ii^-allyl, -nS-cyclopentadienyl, and rt^-cycloheptatrienyi and ri^-aromatic compounds se- 
40 lected from -q^-benzene and substituted tj^-benzene compounds and compounds having 2 to 4 fused rings each 

capable of contributing 3 to 8 7c-electrons to the valence shell of MP; 

represents none or 1 to 3 ligands contributing an even number of sigma-electrons that can be the same or 
different ligand selected from carbon monoxide or nitrosonium; 

45 with the proviso that the total electronic charge contributed to MP by U and plus the ionic charge on the metal MP 
results in a net residual positive charge of q to the complex, and 

q is an integer having a value of 1 or 2, the residual electrical charge of the complex cation; 
Y is a halogen-containing complex anion selected from AsFg-, SbFg- and SbFgOH-; and 
50 r is an integer having a value of 1 or 2, the numbers of complex anions required to neutralize the charge q on the 
complex cation. 

[0041] Useful metaliocene salts are described more fully In US-A-6,089,536, The metaliocene salts may be used In 
conjunction with a reaction accelerator such as an oxalate ester of a tertiary alcohol. 
55 [0042] Useful commercially available photoinitiators include FX-512, an aromatic sulfonium complex salt (3M Com- 
pany), an aromaticsuifonium complex salt (Union Carbide Corp.), UVl-6974, an aromatic sulfonium complex salt (Union 
Carbide Corp), and IRGACURE 261 , a metaliocene complex salt (Ciba-Geigy). 

[0043] The hot melt compositions of the invention further comprise a hydroxyl-containing material having a hydroxyl 
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functionality of at least 2, and most preferably about 3 wherein the hydroxy l-containing conaponent is a poiyether polyol . 
The number average equivalent weight of the hydroxyl-containing material is preferably about 31 to 2250, more pref- 
erably about 80 to 1000, and most preferably about 80 to 350, 

[0044] Representative examples of useful poiyether polyols include polyoxyalkylene polyols (e.g., polyoxyethylene 
5 and polyoxypropyiene glycols and triols of equivalent weight of 31 to 2250 for the diols or 80 to 350 for triols) and 
polytetramethylene oxide glycols of varying molecular weight, 

[0045] Useful commercially available hydroxyl-containing materials include the POLYMEG series (available from QO 
Chemicals, Inc.) of polytetramethylene oxide glycols such as POLYMEG 650, 1000 and 2000; theTERATHANE series 
(from E.I. duPont de Nemours and Company) of polytetramethylene oxide glycols such as TERATHANE 650, 1000 

10 and 2000; POLVTHF, a polytetramethylene oxide glycol from BASF Corp.; VORANOL 230-238 (a glycerol polypropyl- 
ene oxide adduct) from Dow Chemical Company; the SYNFAC series (from Milliken Chemical) of polyoxyalkylated 
bisphenol A's such as SYNFAC 8009, 773240, 8024, 8027, 8026, and 8031 ; and the ARCOL series (from Arco Chemical 
Co.) of polyoxypropyiene polyols such as ARCOL 425, 1025, 2025, 42, 112, 168, and 240. 
[0046] The amount of hydroxyl-containing organic material used in the compositions of the invention may vary over 

15 a broad range, depending on factors such as the compatibility of the hydroxyl-containing material with both the epoxy- 
containing material and the polyester component, the equivalent weight and functionality of the hydroxyl-containing 
materia!, and the physical properties desired In the final cured composition. 

[0047] The hydroxyl-containing material Is particularly useful In tailoring the flexibility of the hot melt compositions 
of the invention. As the equivalent weight of the hydroxyl-containing material increases, the flexibility of the hot melt 
20 composition correspondingly increases although there may be a consequent loss in cohesive strength. Similarly, de- 
creasing equivalent weight may result in a loss of flexibility with a consequent increase in cohesive strength. Thus, the 
equivalent weight of the hydroxyl-containing material is selected so as to balance these two properties, the appropriate 
balance depending on the particular application, 

[0048] Flexible hot melt compositions are useful in forming flexible adhesive films for manufacturing flexible lami- 
25 nates, flexible circuits and flexible hinges. On the other hand, a less flexible composition may be appropriate in bonding 
rigid substrates such as for laminating metal and ceramic materials. If the hydroxyl-containing material is used to tailor 
the flexibility of the hot melt composition, polyoxyethylene glycols and triols having an equivalent weight of about 31 
to 2250 for the glycols and 80 to 350 for the triols are particularly preferred. Even more preferred are polyoxypropyiene 
glycols and triols having an equivalent weight of about 31 to 2250 for the glycols and an equivalent weight of about 80 
30 to 350 for the triols. 

[0049] As explained more fully hereinbelow, the incorporation of poiyether polyols into the hot melt connposrtions of 
the invention is especially desirable for adjusting the rate at which the compositrons cure upon exposure to radiation. 
Increasing amounts of a poiyether polyol can retard the curing reaction for a time sufficient to allow the bonding of 
substrates that are not radiation transparent. The effect is more pronounced when the polyester component has a 
35 glass transition temperature below about 20^C. 

[0050] Useful poiyether polyols (i.e., polyoxyalkylene polyols) for adjusting the rate of cure include polyoxyethylene 
and polyoxypropyiene glycols and triols having an equivalent weight of about 31 to 2250 for the diols and about 80 to 
350 for the triols, as well as polytetramethylene oxide glycols of varying molecular weight and polyoxyalkylated bisphe- 
nol A's. 

40 [0051] The hot melt compositions of the invention comprise from 2 to 95 parts per 100 parts total of the epoxy- 
containing material and, correspondingly, from 98 to 5 parts of the polyester component. More preferably, the hot melt 
compositions of the invention comprise from 2 to 80 parts of the epoxy-contalning material and, correspondingly, from 
98 to 20 parts of the polyester component. Most preferably, the hot melt compositions of the invention comprise from 
2 to 60 parts of the epoxy-containing material, and, correspondingly, from 98 to 40 parts of the polyester component. 

^5 Increasing amounts of the epoxy-containing material relative to the polyester component generally result In hot melt 
compositions having higher ultimate strength and heat resistance but less flexibility, less green strength build-up, and 
lower viscosity. Increasing amounts of the polyester component generally result in hot melt compositions having lower 
ultimate strength, heat resistance and higher viscosity but greater flexibility and green strength build-up. Thus, the 
relative amounts of these two ingredients are balanced depending on the properties sought in the final composition. 

50 [0052] The photoinitiator is included in an amount ranging from about 0.1 to 4% based on the combined weight of 
the epoxy-containing material and the polyester component. Increasing amounts of the photoinitiator result in an ac- 
celerated curing rate but require that the hot melt composition be applied in a thinner layer so as to avoid curing only 
at the surface. Increased amounts of photoinitiator can also result in reduced energy exposure requirements. The 
amount of the photoinitiator is detennlned by the rate at which the composition should cure, the intensity of the radiation 

55 source, and the thickness of the composition. 

[0053] The relative amount of the optional hydroxyl-containing organic material is detemiined with reference to the 
ratio of the number of hydroxyl groups to the number of epoxy groups in the hot melt composition. That ratio may range 
from 0;1 to 1 : 1 , more preferably from about 0.4:1 to 0.8:1 . Larger amounts of the hydroxyl-containing material increase 
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the flexibility of tlie hot melt composition but with a consequent loss of cohesive strength, if the hydroxyl containing 
material is a polyether polyol, increasing amounts will further slow the curing-process. 

[0054] Additionally, and optionally, up to 50% of the total weight of the composition (based on the epoxy-containing 
material, the polyester component, the photoinitiator and the hydroxyl-containing material), may be provided by various 
5 fillers, adjuvants, additives and the like such as silica, glass, clay, talc, pigments, colorants, glass beads or bubbles, 
glass or ceramic fibers, antioxidants, and the like so as to reduce the weight or cost of the composition, adjust viscosity, 
and provide additional reinforcement. Fillers which are capable of absorbing the radiation used during the curing proc- 
ess should be used in an amount that does not adversely affect the curing process. 

[0055] The hot melt compositions of the invention are prepared by mixing the various ingredients in a suitable vessel, 
10 preferably one that is not transparent to actinic radiation, at an elevated temperature sufficient to liquefy the components 
so that they can be efficiently mixed with stirring until the components are thoroughly melt blended but without thermally 
degrading the materials. The components may be added simultaneously or sequentially, although it is preferred to first 
blend the epoxy-containlng material and the polyester component followed by the addition of the hydroxyi-containing 
material and then the photoinitiator. 
?5 [0056] The hot melt compositions should be compatible in the melt phase. That is, there should be no visible gross 
phase separation among the components. Compositions may be used directly after melt blending or may be packaged 
as a solvent free system in pails, drums, cartridges or other suitable containers, preferably in the absence of light, until 
ready for use. The compositions so packaged may be delivered to a hot-melt applicator system with the use of pail 
unloaders, cartridge dispensers, and the like. Alternatively, the hot melt compositions of the invention may be delivered 
20 to conventional bulk hot melt applicator and dispenser systems in the fonn of sticks, pellets, slugs, blocks, pillows or 
billets. 

[0057] It is also possible to provide the hot melt compositions of the invention as uncured, unsupported rolls of 
adhesive film. Such films are useful in laminating operations. If the adhesive film is tacky, it is desirable to roll the film 
up with a release liner (for example, silicone-coated Kraft paper), with subsequent packaging in a bag or other container 

55 that is not transparent to actinic radiation. 

[0058] The hot melt compositions of the invention may be applied to a wide variety of substrates by extruding, spray- 
ing, gravure printing, or coating, (e.g., by using a coating die, a heated knife blade coater, a roll coater or a reverse roll 
coater). Alternatively, the hot melt composition may be applied as an uncured adhesive film which, If necessary, can 
be die cut to a predefined shape, once applied, the hot melt composition may be tacky or tack-free, a blend of liquid 

30 and solid epoxy-containing materials being useful in achieving the former state. Substrates which can be coated or 
bonded include plastics, metals, ceramics, glass and cellulosic materials although primed, bare or painted metal sub- 
strates such as aluminum, cold rolled steel and porcelainized steel are particularly preferred. 
[0059] Typically, the hot melt composition is applied to a single substrate by any of the methods described above, 
and once so applied Is exposed to a radiation source to Initiate the curing of the epoxy-containing material. The epoxy- 

35 containing material is believed to cure or crosslink with itself, the hydroxyi-containing material, and, perhaps, to some 
degree with the polyester component. 

[0060] curing of the hot melt composition begins upon exposure of the composition to any source emitting aclinic 
radiation (i.e., radiation having a wavelength in the ultraviolet or visible spectral regions) and continues for a period of 
time thereafter. Suitable sources of radiation include mercury, xenon, carbon arc, tungsten filament lamps and sunlight. 
40 Ultraviolet radiation, especially from a medium pressure mercury arc lamp, is most preferred. Exposure times may be 
from less than about 1 second to 10 minutes or more (to provide a total energy exposure of about 0.2 Joules/square 
centimeter (J/cm^)) depending upon both the amount and the type of reactants Involved, the radiation source, the 
distance from the radiation source, and the thickness of the composition to be cured. 

[0061] The compositions may also be cured by exposure to electron beam radiation. The dosage necessary is gen- 
45 era! iy from less than 1 megarad to 1 00 megarads or more. The rate of curing tends to increase with increasing amounts 
of photoinitiator at a given light exposure or irradiation. The rate of curing also increases with increased radiation 
intensity or electron dosage. 

[0062] Those hot melt compositions which include a polyether polyol that retards the curing rate are particularly 
desirable when bonding together two substrates that are not transparent to the radiation. After applying the hot melt 

50 composition to the first substrate and irradiating the composition, the second substrate may be bonded to the first 
substrate for a certain period of time (e.g. , from about 2 minutes to about 4 hours) until the composition has sufficiently 
cured that a useful bond can no longer be made. Thus it will be recognized that the presence of the polyether polyol 
provides the hot melt compositions with an open time. That is, for a period of time (the open time) after the composition 
has been irradiated, it remains sufficiently uncured for a second substrate to be bonded thereto. (A similar effect may 

55 also be achieved through the use of a high glass transition temperature polyester component, e.g., a glass transition 
temperature above 20*^0). 

[0063] The second substrate is typically bonded using heat, pressure or both heat and pressure, (for example, with 
a heated press, heated nip rollers, or a heated iaminator). Depending on the particular hot melt composition, the con- 
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ditions tor applying the second substrate may range fronn a few seconds at 1 77*'C to about 15 seconds at room tem- 
perature. Typical exposures are for about 10 seconds at 138°C. Laminator pressures of about 274 kiloPascals (kPa) 
are useful. In another approach, a free standing film may be irradiated on one or both sides and then placed between 
two substrates followed by the use of heat, pressure or both heat and pressure to bond the film to the two substrates. 

5 [0064] Alternatively two substrates may be bonded together if one of the substrates is transparent to the radiation, 
thereby pemnitting the hot melt composition to be irradiated through the transparent substrate. 
[Q065] Once the hot melt composition is exposed to radiation, the curing process is initiated. Subsequent to radiation 
exposure the hot melt compositions can be tack-free, or can be tacky for a limited period of time but eventually achieving 
a tack-free condition. Full cure may be achieved under ambient conditions in about 24 hours or as little as about 8 to 

10 16 hours, depending upon the intensity of the radiation source, the radiation exposure time, the concentration of the 
photoinrtiator, and the particular ingredients which comprise the hot melt composition. When curing under only ambient 
conditions is desired, the glass transition temperature of the polyester component should be less than the ambient 
temperature, preferably less than about 20^*0. 

{0066] The time to reach full cure may be accelerated by post curing the compositions with heat, such as in an oven. 

15 The time and temperature of the post cure will vary depending upon the glass transition temperature of the polyester 
component, the concentration of the photoinrtiator and the radiation exposure conditions. Typical post cure conditions 
range from 5 to 1 5 minutes at about 50°C to about 1 to 2 minutes at temperatures up to about 1 0O^C. An accelerated 
cure can also be achieved by applying heat and pressu re to bond two substrates together such as when using a heated 
press, a heated laminator or heated nip rollers. For those hot melt compositions based on a polyester component 

20 having a glass transition temperature above about 20**C, the use of heat in addition to radiation to cure the composition 
is recommended. 

General Preparation and Test Procedures 

25 [0067] The following general procedure was used in preparing the hot melt compositions described more fully below 
in the various examples. In each case, the components of the hot melt composition were blended at 1 1 0^C for approx- 
imately one hour in a suitable vessel. Once so mixed, the hot melt composition was coated at a thickness of about 254 
microns onto a sillcone-treated Kraft paper release liner using a knife bar coater heated to 127°C so as to provide an 
uncured, unsupported adhesive film. The various compositions were then tested to evaluate properties such as overiap 

30 shear strength, green strength build-up, and heat resistance, In each example, the hot melt composition bonded to- 
gether two 0.1 6 cm thick 2024T3 alclad aluminum substrates that had been FPL-etched with a mixture of chromic acid 
and sulfuric acid. 

[0068] Bonded samples for testing were prepared by placing the exposed face of the adhesive film against one of 
the aluminum substrates. The film was bonded to the substrate with heat and pressure (71 °C and 345 kPa for 5 
35 seconds). The release liner was then removed and the newly exposed face of the adhesive film was subjected to the 
radiation output of a 79 watts/cm medium pressure mercury arc lamp (12HD from UV Process Supply, Inc., Chicago, 
Illinois) situated 15 cm from a web moving at a speed of 31 .8 cm/minute so as to provide a total energy exposure of 

0. 20 J/cm^ to activate the hot melt composition. After about five minutes, the second substrate was bonded to the 
adhesive using a heated press (276 kPa at 126°C for 30 seconds to ensure cohesive failure for the overiap shear 

40 strength test; 276 kPa at 93°C for 30 seconds for the green strength build-up and heat resistance tests). The size of 
the bonded area is described more fully below with respect to the specific test. 

[0069] Samples used in the overlap shear strength and heat resistance tests were post cured for 48 hours under 
ambientconditions (22-26''C) before testing. For the green strength build-up test, the bonded substrates were evaluated 
within 30 seconds after having been removed from the heated press. 

45 

1 . overlap Shear Strength. 

[0070] The two aluminum substrates were bonded with a 2.54 cm x 1 .27 cm overlap area and then tested at room 
temperature in a SINTECH tensile testing machine using a crosshead speed of 2.5 mm per minute. The reported data 
50 are an average of 3 measurements. Preferably, the hot melt compositions display an overlap shear strength of at least 
4000 kPa. 

2. Green Strength Build-Up . 

55 [0071] Bonded samples were prepared using a 2.54 cm x 2.54 cm overiap area. A free end of one substrate was 
held in a clamp while a 0.45 kilogram (kg) mass was suspended from the free end of the second substrate, this test 
arrangement being prepared within 30 seconds of having removed the bonded substrates from the heated press. Over 
a period of 24 hours the distance that the second substrate moved was measured. The bond failed if the second 
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substrate moved at least 2.54 cm. Preferably, the movement was less than 0.76 cm, more preferably 0 cm. Reported 
data are an average of 3 measurements. 

[0072] Compositions wliicli resulted in substrate movement of 0.76 cm or less were regarded as having excellent 
green strength build-up because they had reached a handling strength within 30 seconds of the bond having been 
5 made, thereby eliminating the need for cumbersome clamping mechanisms to otherwise secure the bonded compo- 
nents until the adhesive had cured sufficiently to pemnit the parts to be handled. Green strength build-up in 20 seconds 
or less is possible. 

3. Heat Resistance. 

10 

[0073] A bonded sample having a 2.54 cm x 2.54 cm overlap was prepared and placed in a as^'C oven. The free 
end of one of the substrates was held in a clamp while a 0.91 kg mass was suspended from the free end of the second 
substrate. After every 30 minute interval, the temperature was increased 11°C in a step function until the oven tem- 
perature reached 21 6^*0 or the bond failed. The reported data are an average of 3 measurements and represents the 
^5 temperature at which the bond failed (if it failed). Preferably, the heat resistance is greater than 1 49°C. 

[0074] The invention will be more fully appreciated with reference to the following noniimiting examples in which 
parts refer to parts by weight. 

Examples 1 to 10 

20 

[0075] Examples 1 to 1 0 were prepared according to the general procedure described above. The epoxy-containing 
material was EPON 1 001 F. a dlglyctdylether of bisphenol A commerclaily available from Shell Chemical Company. The 
polyester component was DYNAPOLS1358, a satu rated li near copoiyester commercial lyavailablefromHuls America, 
inc. The hydroxyl-containing material was VORANOL 230-238, a glycerol polypropylene oxide adduct commercially 
25 available from Dow Chemical Company. The ingredients were blended in the amounts (parts) shown in Table 1 below. 
Each example further included 1 part of a triphenyl sulfonlum hexafluoroantlmonate photoinitlator prepared as de- 
scribed in U.S. Pat. No. 4,321 ,951 (column 5, line 48 to column 7, line 48), The hydroxy! group to epoxy group ratio of 
each example was 0.77:1 (except for example 10 where it was 0). The examples were tested for overlap shear strength, 
green strength build-up, and heat resistance, with the results shown below in Table 1 . 
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[0076] Th& data of Table 1 show the beneticial effect on green strength build-up which results from increasing pro- 
portions of the polyester component, up to about 45 to 50 parts. Increasing amounts of the epoxy-contalning materia! 
give generally steady Improvements in overlap shear strength and heat resistance. 



5 Examples 11 to 19 



[00771 Examples 11 to 1 9 were prepared according to the procedure of examples 1 to 1 0 except that the DYNAPOL 
S1 358 was replaced by DYNAPOL S1 402, a saturated linear copolyester from Huls America, Table 2 below showing 
the relative amounts of each material along with the results from the green strength build-up and heat resistance tests. 
10 The hydroxy! group to epoxy group ratio was 0 in example 19 but was 0.77:1 for examples 11 to 1 8. 
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Epoxy-Containing 
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Polyester Component 
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[0078] The data of Table 2 show that increasing amounts of the polyester component improve green strength build- 
up while increasing amounts of the epoxy-containing material improve heat resistance. 



30 Examples 20 and 21 



[0079] Examples 20 and 21 were prepared according to the procedure of examples 1 to 1 0 with the relative amounts 
of each of the Ingredients being as shown in Table 3 below. Also reported in Table 3 are examples 6 and 10 along with 
the results of the green strength build-up and heat resistance tests. 

35 



TABLE 3 





Example 


comparative example 1 0 


20 
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21 


Epoxy-Containing Material 


0.0 


38.6 


34.0 


32.3 


Polyester Component 


99.0 


53.5 


53.6 


53.5 


Hydroxyl-Containing Material 


0.0 


7.0 


11.5 


14.1 


Hydroxyl Group to Epoxy Group Ratio 


0:1 


0.4:1 


0.77:1 


0.98:1 


Green Strength (cm) 


0.0 


0.0 


0.0 


0.0 


Heat Resistance (°C) 


<93 


>216 
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154 1 



[0080] The data ot Table 3 show that the green strength build-up is relatively unaffected by varying the epoxy group 
to hydroxy! group ratio. The green strength build-up is primarily attributable to the presence of the polyester component. 
The heat resistance is provided principally by the epoxy-containing material. 

[0081] The compositions of the invention provide a unique baiance of highly desirable properties. As solvent free 
compositions, they are easily applied using conventional hot melt dispensing systems. Unlike moisture curing hot melt 
adhesives and coatings; the hot melt compositions of the invention are not moisture sensitive. Consequently, they can 
be supplied as adhesive films well suited for laminating operations. The painstaking exclusion of moisture during man- 
ufacturing and packaging, which is a facet of using moisture curing hot melt compositions, Is not of concern when using 
the compositions of the invention. 
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[0082] The hot melt compositions of the invention display excellent green strength build-up. Within 30 seconds or 
less of a bond having been made, the bonded components can be handled, thereby eliminating the need for elaborate, 
expensive, cumbersome clamping mechanisms often required with thennaliy cured hot melts and epoxy based adhe- 
slves. However, the compositions of the invention also quickly cure to full strength to provide structural adheslves. Full 

5 cure can be achieved in 24 hours or less under ambient conditions or even more quickly if thermally postcured. 

[0083] The inclusion of a polyether polyol of appropriate molecular weight and functionality provides the compositions 
of the invention with an open time. (A similar affect can be achieved by using a high glass transition temperature 
polyester.) That is, after the composition is exposed to radiation to Initiate the curing process, a second substrate may 
be bonded thereto for a certain period of time (until the composition cures to a degree that does not permit a bond to 

^0 be made). In the absence of an open time, the compositions are best used to hot melt coat a single substrate or to 
bond two substrates together if one is transparent to the radiation source. 

[0084] The one part systems of the invention are readily handled and require no storage or mixing of separate com- 
ponents as do so-called two part adhesives. Because the compositions of the invention only cure upon exposure to 
actinic or electron beam radiation, the compositions have a virtually unlimited pot life. This also pennits the compositions 
^5 to be provided as die-cuttable adhesive films for laminating operations. 

[0085] With these properties, the hot melt compositions are particularly well suited for high performance laminates 
such as bonding metal sheets or skins to each other or to structural honeycombs such as might be found in airplane 
interiors, curtain walls, and modular interior partitions. 

[0086] Because of the ability to tailor the flexibility of the compositions of the Invention by incorporating a hydroxyl- 
20 containing material therein the compositions are also useful in certain electronic industry applications such as tape 
automated bonding (TAB) and flexible circuit bonding. The flexibility of the compositions of the invention also make 
them suitable for coating or sealing coated abrasive article backings made of natural or synthetic fibers or other ma- 
terials. 

[0087] The hot melt compositions of the invention also have utility as vibration damping materials for damping res- 
2^ onant vibrations of articles to which they are attached. The compositions may be used as either a free layer or in 
conjunction with a relatively stiff metal or polymeric constraining layer. 

[0088] The hot melt compositions may also be used as sealants, for example as an automotive body panel sealer 

30 Claims 

1 , A hot melt composition comprising: 

(a) from about 2 to 95 parts of an epoxy-containing material; 

(b) correspondingly, from about 98 to 5 parts of a polyester component, wherein the sum of (a) + (b) equals 
100 parts; 

(c) an effective amount of a photoinitiator for radiation curing the hot melt composition; and 

(d) an hydroxyl-containing material having a hydroxyl functionality of at least 2, wherein the hydroxyl-containing 
component is a polyether polyol; 

wherein the hot melt composition is a solid at room temperature that can be melted to a liquid upon heating. 

2. A hot meit composition according to claim 1 wherein the polyester component has a number average moiecuiar 
weight of about 15,000 to 200,000. 

45 3. A hot meit composition according to claim 2 wherein the polyester component has a number average molecular 
weight of about 15,000 to 30,000. 

4. A hot melt composition according to claim 1 wherein the polyester component is hydroxyl or carboxyl tenninated 
and has a crystalline melting point measured by differential scanning calorlmetry with a maximum melting point of 

50 about 150^C. 

5. A hot melt composition according to any one of claims 1 to 4 wherein the composition remains sufficiently uncured 
for up to 4 hours after exposure to an effective amount of radiation to initiate the photoinitiator such that a substrate 
can be bonded thereto. 

55 

6. A hot meit composition according to any one of claims 1 to 5 wherein the polyether polyol is selected from the 
group consisting of polyoxyethylene glycols, polyoxyethylene triols, polyoxypropylene glycols, and polyoxypropyl- 
ene triols. 
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7. A hot malt composition according to any one of claims 1 to 6 wherein the ratio of the number of hydroxyl groups 
to the number of epoxy groups in the hot melt composition is from 0.4:1 to 0.8:1. 

8. A hot meit composition according to any one of claims 1 to 7 wherein the polyester component Is the reaction 
5 product of (a) a dtcarboxyiic acid selected from the group consisting of saturated aliphatic dicarboxyllc acids con- 
taining from 4 to 12 carbon atoms (and diester derivatives thereof) and aromatic dicarboxylic acids containing from 
8 to 15 carbon atoms (and diester derivatives thereof) and (b) a dioi having 2 to 12 carbon atoms. 

9. A hot melt composition according to any one of claims 1 to 8 wherein the hot melt composition comprises from 2 
10 to 80 parts of the epoxy-containing material and, correspondingly from 98 to 20 parts of the polyester component. 

10. A hot melt composition according to any one of claims 1 to 9 wherein the hot melt composition comprises from 2 
to 60 parts of the epoxy-containing material and, correspondingly, from 98 to 40 parts of the polyester component. 

15 1 1 , A hot melt composition according to any one of claims 1 to 1 0 wherein the polyester component is hydroxyl ter- 
minated. 

12. A hot melt composition according to any one of claims 1 to 1 1 wherein the hot melt composition results in substrate 
movement of 0.76 cm or less in the green strength build-up test consisting of the following steps: 

20 

(i) prepare bonded samples having a 2,54 cm x 2.54 cm overlap area; 

(ii) hold the free end of one substrate in a clamp while a 0.45 kg mass is suspended from the free end of the 
second substrate, this test arrangement being prepared within 30 seconds from bonding; 

(ili) measure the distance that the second substrate moved over a period of 24 hours; and 
^5 (iv) calculate the substrate movement as the average of three measurements. 

13. A hot melt composition according to any one of claims 1 to 1 2 wherein the hot melt composition may be provided 
as an uncured, free-standing, unsupported adhesive film. 

30 14. An article comprising a first substrate having a layer of a hot melt composition according to any preceding claim 
adhesively bonded thereto. 

15. A method of bonding first and second substrates together comprising the steps of: 

35 (a) applying a hot melt composition according to any one of claims 1 to 1 3 to the first substrate; 

(b) exposing the hot melt composition to radiation to initiate curing; and 

(c) bonding the second substrate to the first substrate using the hot meit composition during a period of time 
that the hot melt composition remains sufficiently uncured such thata second substrate can be bonded thereto. 

40 16. The method of claim 16 wherein the period of time that the hot melt composition remains sufficiently uncured is 
up to 4 hours after exposing the hot melt composition to radiation. 

17. The method of claim 15 wherein the hot meit composition is applied to the first substrate in the molten state. 

^ 18. A method of bonding first and second substrates together comprising the steps of: 

(a) providing the hot melt composition according to any one of claims 1 to 13 in the form of a free-standing film; 

(b) irradiating the film on one or both sides; 

(c) placing the irradiated film between two substrates; and 

50 (d) applying heat, pressure or both heat and pressure to bond the film to the two substrates. 



Patentanspriiche 

55 1. Schmeizzusammensetzung, umfassend: 

(a) etwa 2 bis 95 Telle eines Epoxygruppen enthaltenden Materials; 

(b) entsprechend, etwa 98 bis 5 Telle einer Polyesterkomponente, wobei die Summe von (a) + (b) gleich 1 00 
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Teilen ist; 

(c) eine wirksame Menge eines Photoinitiators zur Strahlungshartung der Schmelzzusammensetzung; und 

(d) ein Hydroxygruppen enthattendes Material, welches eine Hydroxyfunktionalitat von mindestens 2 aufweist, 
wobei die Hydroxygruppen enthaltende Komponente ein Polyetherpolyol ist; 

5 

wobei die Sclimelzzusammensetzung bei Raumtemperatur ein Feststoff ist, welclier durch Erwarnnen zu einer 
Flusslgkeit geschmolzen werden Icann, 

2. Sciimelzzusammensetzung gemaB Ansprucli 1 , wobei die Polyesterkomponente ein Zaliienmittel des Molekuiar- 
10 gewiclits von etwa 1 5000 bis 200000 aufweist. 

3. Sclimelzzusammensetzung gemaB Ansprucii 2, wobei die Polyesterkomponente ein Zahienmittel des Moiekular- 
gewichts von etwa 15000 bis 30000 aufweist. 

15 4. Schmelzzusammensetzung gemaB Anspruch 1 , wobei die Polyesterkomponente eine Hydroxy- oder Carboxyen- 
dgruppe aufweist und einen l<ristallinen Sclimelzpunkt, welcher durch Differentialscanningkalorimetrte gemessen 
wird, mit einem maximalen Schmelzpunkt von etwa 150 °C aufweist 

5. Schmelzzusammensetzung gema3 einem der Anspruche 1 bis 4, wobei die Zusammensetzung, nachdem sie 
20 Strahlung in einer Menge ausgesetzt wurde, die wirksam ist, urn den Photo initiator zu initiieren, bis zu 4 Stunden 

ausreichend nichtgehartet bleibt, so dass ein Substrat daran gebunden werden kann. 

6. Schmelzzusammensetzung gema3 einem der Anspruche 1 bis 5, wobei das Polyetherpolyol aus Polyoxyethylen- 
glycolen, Polyoxyethylentrioien, Polyoxypropylenglycolen und Poiyoxypropylentriolen ausgewahit ist. 

25 

7. Schmelzzusammensetzung gemaB einem der Anspruche 1 bis 6, wobei das Verhaltnis der Anzahl der Hydroxy- 
gruppen zu der Anzahl der Epoxygruppen in der helBschmelzbaren Zusammensetzung von 0,4 : 1 bis 0,8 : 1 ist. 

8. Schmelzzusammensetzung gemaB einem der Anspruche 1 bis 7, wobei die Polyesterkomponente das Reaktions- 
30 produkt (a) einer Dicarbonsaure, ausgewahit aus gesattigten, aliphatischen, 4 bis 1 2 Kohlenstoffatome enthalten- 

den Dicarbonsauren (und Diesterderivaten davon) und aromatischen, 8 bis 15 Kohlenstoffatome enthattenden 
Dicarbonsauren (und Diesterderivaten davon), und (b) eines 2 bis 12 Kohlenstoffatome aufweisenden Dlols 1st. 

9. Schmelzzusammensetzung gemaB einem der Anspruche 1 bis 8, wobei die Schmelzzusammensetzung 2 bis 80 
55 Telle des Epoxygruppen enthaltenden Materials und, entsprechend, 98 bis 20 Teile der Polyesterkomponente 

umfasst. 

10. Schmelzzusammensetzung gemaB einem der Anspriiche 1 bis 9, wobei die Schmelzzusammensetzung 2 bis 60 
Teile des Epoxygruppen enthaltenden Materials und, entsprechend, 98 bis 40 Teile der Polyesterkomponente 

^0 umfasst. 

11. Schmelzzusammensetzung gemaB einem der Anspruche I bis 10, wobei die Polyesterkomponente eine Hydro- 
xyendgruppe aufweist. 

45 12. Schmelzzusammensetzung gemaB einem der Anspruche 1 bis 1 1 , wobei die Schmelzzusammensetzung in dem 
Test zur Bestimmung der Einstelizeit der Grunf estigkeit eine Substratbewegung von 0,76 cm oder weniger aufweist, 
wobei der Test aus den nachfolgenden Schritten besteht: 

(i) Herstellen von verbundenen Proben, welche eine uberlappende Flache von 2,54 cm X 2,64 cm aufweisen; 

(ii) Haiten des freien Endes eines Substrats in einer Klammer, wahrend ein Gewicht von 0,45 kg von dem 
freien Ende des zweiten Substrats herabhangt, wobei diese Versuchsanordnung innerhalb von 30 Sekunden 
ab dem Verbinden erstellt wird; 

(ill) Messen der Entfernung, welche das zweite Substrat uber eine Zeitdauer von 24 Stunden zuruckgelegt 
hat; und 

^5 (iv) Berechnen der Substratbewegung ais den Durchschntttswert von dret Messungen. 

13, Schmelzzusammensetzung gemaB einem der Anspruche 1 bis 12, wobei die Schmelzzusammensetzung als eine 
nichtgehartete, selbsttragende Klebstotffolie ohneTragerbereitgestelit werden kann. 
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14. Gegenstand, umfassend ein erstes Substrat, an dem eine Schicht einer Schmelzzusammensetzung gema(3 einem 
der vorstehenden Anspruche gebunden ist. 

15. Verfahren zum Verbinden eines ersten und eines zweiten Substrats, umfassend die Schritte: 

5 

(a) Aufbringen einer Schmeizzusammensetzung gema3 einem der Anspruche 1 bis 13 auf das erste Substrat; 

(b) Bestrahlen der Schmelzzusammensetzung, um Hartung zu initiieren; und 

(c) Binden des zweiten Substrats an das erste Substrat unter Verwendung der Schmelzzusammensetzung 
innerhalb einer Zettdauer, in welcher die Schmelzzusammensetzung ausreichend nichtgehartetblelbt, so dass 

^0 ein zweites Substrat damit verbunden werden kann. 

1 6. Verfahren gema3 Anspruch 15, wobei die Zeitdauer, in welcher die Schmelzzusammensetzung ausreichend nlcht- 
gehartet bleibt, bis zu 4 Stunden nach Bestrahlen der Schmelzzusammensetzung ist. 

17. Verfahren gema3 Anspruch 15, wobei die Schmelzzusammensetzung im geschmolzenen Zustand auf das erste 
Substrat aufgebracht wird. 

18. Verfahren zum Verbinden eines ersten und eines zweiten Substrats, umfassend die SchrMe: 

20 (a) Bereitstellen der Schmelzzusammensetzung gema3 einem der Anspruche 1 bis 1 3 in der Form einer selbst- 

tragenden Folie; 

(b) Bestrahlen der Folie auf einer Seite oder auf beiden Seiten; 

(c) Plazieren der bestrahlten Folie zwischen zwei Substrate; und 

(d) Anwenden von Warme, Druck oder sowohl Warme als auch Druck, um die Folie an die zwei Substrate zu 
25 binden. 



Revendications 

30 1 , Composition thermofusibie comprenant : 

(a) d'environ 2 a 95 parties d'une substance contenant des groupes epoxy ; 

(b) respectlvement, d'environ 98 a 5 parties d'un composant polyester, dans laquelle la somme (a) -h (b) est 
6gale& 100 parties; 

^5 (c) une quantlte efficace d'un photoamorceur pour durcir par rayonnement la composition thennofusible ; et 

(d) une substance contenant un hydroxyle ayant une fonctionnalite d'hydroxyle d'au moins 2, dans laquelle le 
composant contenant Thydroxyie est un polyether polyoi ; 

dans laquelle la composition themnofusible est un solide a temperature amblante qui peut etre f ondu jusqu'a 
40 I'etat iiquide lors du chauffage. 

2. Composition thennofusible selon la revendication 1 , dans laquelle le composant polyester a une massemoleculaire 
moyenne en nombre d'environ 15000 a 200000. 

45 3. Composition thennofusible selon la revendication 2, dans laquelle le composant polyester a une masse moleculai re 
moyenne en nombre d'environ 16000 a 30000. 

4. Composition thennofusible selon la revendication 1 , dans laquelle le composant polyester est temnine par un 
groupe hydroxyle ou carboxyle et a un point de fusion cristallin mesur6 par calorlmetrie differentielle a balayage 

so avec un point de fusion maximum d'environ 150°C. 

5. Composition thermofusibie selon I'une quelconque des revendications 1 a 4, dans laquelle la composition reste 
suffisamment non traitee jusqu'a 4h apres exposition a une quantlte efficace de rayonnement pour amorce r le 
photoamorceur afin qu'un substrat puisse s'y lien 

55 

6. Composition thermofusibie selon Tune quelconque des revendications 1^5, dans laquelle le polyether polyoi est 
choisi dans le groupe constitue par des polyoxyethyiene glycols, polyoxyethylenetriols, polyoxypropylene glycols 
et polyoxypropylene triols. 
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7. Composition tliermofusible solon I'une quelconque des revendications 1 a 6, dans iaquelie le rapport du nombre 
de groupes hydroxyle sur le nombre de groupes epoxy dans la composition themnofusible est de 0,4:1 a 0,8:1 . 

8, Composition thermofusible selon I'une quelconque des revendications 1 a 7, dans laquelle le composant polyester 
5 est le produit reactionnel (a) d'un acide dicarboxylique choisi dans le groupe constitu^ d'acides dicarboxyliques 

aliphatiques satures contenant de 4 a 1 2 atomes de carbone (et leurs derives diester) et d'acides dicarboxyliques 
aromatiques contenant de 8 a 15 atomes de carbone (et leurs derives diester) et (b) d'un diet ayant 2 a 12 atomes 
de carbone. 

^0 9. Composition thermofusible selon I'une quelconque des revendications 1 a 8, dans laquelle la composition ther- 
mofusible comprend de 2 a 80 parties de la substance contenant des groupes epoxy et, de maniere correspon- 
dante, de 98 a 20 parties du composant polyester 

10. Composition thermofusible selon I'une quelconque des revendications 1 a 9, dans laquelle la composition ther- 
^5 mofusible comprend de 2 a 60 parties de la substance contenant des groupes epoxy et, de maniere correspon- 

dante, de 98 a 40 parties du composant polyester 

11 . Composition thennofusible selon Tune quelconque des revendications 1 a 10, dans laquelle ie composant polyester 
est tennine par un groupe hydroxyle. 

20 

12. Composition thermofusible selon I'une queiconque des revendications 1 a 11 , dans laqueile la composition ther- 
mofusible r^sulte en un deplacement du substrat de 0,76 cm ou moins dans Is test pour la detenni nation du temps 
necessaire pour la mise au point de la resistance t vert se composant des etapes suivantes : 

25 (i) preparer des echantillons lies ayant une surface de recouvrement de 2,54 cm x 2,54 cm ; 

(it) tenir I'extremite libre d'un substrat dans une pince pendant qu'une masse de 0,46 kg est suspendue h partlr 
de I'extr^mite libre du second substrat, cetle manipulation test etant preparee dans les 30 secondes a partir 
de la liaison ; 

(iii) mesurer la distance parcourue par le second substrat sur une periode de 24h ; et 

(iv) caiculer le deplacement du substrat comme une moyenne de trois mesures. 

13. Composition thermofusible selon I'une quelconque des revendications 1 a 12, dans laquelle la composition ther- 
mofusible peut etre fourni en tant que film adhesif non durci, autoportant et libre de tout support. 

35 14. Article comprenant un premier substrat ayant une couche d'une composition thermofusible selon I'une quelconque 
des revendications precedentes liee de maniere adhesive a ce dernier 

15. Precede pour lier un premier et un second substrat ensemble comprenant les etapes d' : 

'^^ (a) application d'une composition thermofusible selon I'une quelconque des revendications 1 a 13 au premier 

substrat ; 

(b) exposition de la composition thermofusible au rayonnement pour initier le durcissement ; et 

(c) liaison du second substrat au premier substrat en utilisant ia composition thennofusible pendant une duree 
telle q ue la composition thennofusible reste suff isamment non durcie pour qu'un second substrat p uisse s'y lier 

45 

16. Precede selon la revendicatlon 15, dans lequel la durde pendant laquelle la composition thennofusible reste suf- 
fisamment non durcie s'eldvejusqu'a 4 heures aprds exposition de la composition thermofusible au rayonnement 

17. Precede seion la revendication 15, dans iequel la composition thennofusible est appliquee au premier substrat a 
50 I'etatfondu. 

18. Precede pour Her un premier et un second substrat ensemble comprenant les etapes de : 

(a) apport de la composition thennofusible selon I'une quelconque des revendications 1 a 13 sous fonne de 
film libre de tout support ; 

(b) in-adiation du fiim sur une face ou les deux ; 

(c) mise en place du film in-adie entre deux substrats ; et 

(d) application de chaleur, de pression, ou a lafois de chaleur et de pression ensemble afin de lier le film aux 
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deux substrats. 
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